This study reported the identification and determination of the main components of Commelina communis Linn. A total of 62 compounds were identified in C. communis Linn. extract, which included 29 flavonoids and flavonoid glycosides, 17 phenolic acids, 4 alkaloids, 1 pyrimidine alkaloids, 3 sterols and 8 fatty acids and others by ultra high performance liquid chromatography coupled with hybrid triple quadrupole time-of-flight mass spectrometry. Moreover, a specific, simple, rapid and sensitive high performance liquid chromatography with tandem mass spectrometry method was developed and validated for determination of 13 components of C. communis Linn., which included orientin, iso-orientin, vitexin, isovitexin, rutin, apigenin, protocatechuate, vanillic acid, caffeic acid, ferulic acid, luteolin, quercetin and isorhamnetin. All calibration curves showed good linearity (r ≥ 0.9991) within the test range. The intra-and inter-day precisions (relative standard deviation%, RSD%) were within 1.04 and 0.92%, and the recoveries ranged from 98.64 to 100.8%. These results may contribute to the further study and quality control for C. communis Linn.
Introduction
Commelina communis Linn., a species of the Commelina genus, is widely distributed in the world, especially in the tropics and subtropics, which include farmland, forest edge, street, valley, hillside grass, hillside wetlands and so on (1) . It has long been used as a febrifuge or a diuretic in Chinese folk medicine (2) . Commelina communis Linn. is commonly applied to common cold, high fever, sore throat, edema oliguria, hot shower astringent pain, bloated boils poison (3) (4) (5) (6) , and it was recorded by Chinese pharmacopoeia 2015 (CP 2015) (7) . Moreover, it has potential developing value because of habitat complexity and extensive resources (8, 9) .
Commelina communis Linn. is not only edible value but also has medicinal value, which can extensively served as potherb for soup
UHPLC-Q-TOF-MS-MS instruments for qualitative analysis
UHPLC experiments were performed on a Shimadzu UHPLC system (Kyoto, Japan), which was coupled with a triple TOF TM 5600 + MS/MS system (AB SCIEX, CA, USA). The chromatographic separation was carried on Poroshell 120 SB-C 18 (2.1 mm × 100 mm, 2.7 μm). The column temperature was maintained at 25°C. The mobile phase consisted of water containing 0.1% formic acid (A) and acetonitrile (B). The gradient elution program was optimized for the separation, and the program was as follows: 10-10% B from 0 to 1 min, 10-13% B from 1 to 3 min, 13-17% B from 3 to 13 min, 17-95% B from 13 to 21 min, 95-95% B from 21 to 26 min. After holding the composition of 95% solvent B for 5 min, the column returned to its starting conditions with 1 min and maintained the composition of 10% solvent B for 5 min for column balance. The mobile phase flow rate was set to 0.3 mL min −1 , and the injection volume was 1 μL.
A Triple TOF TM 5600 + system with Duo-Spray TM ion sources operating in the positive and negative electrospray ionization (ESI) mode was used for the detection. The following MS/MS conditions were used: ion spray voltage, +5.5 and −4.5 kV; the turbo spray temperature, 550°C and declustering potential (DP), 60 and −60 V. Nitrogen was used as the nebulizer and the auxiliary gas, and the nebulizer gas (gas 1), the heater gas (gas 2) and the curtain gas were set to 55, 55 and 35 psi, respectively.
The IDA (information dependent acquisition) criteria were provided to the ions that matched the mass defect window to obtain the MS/MS spectra. The experiments were run with the scan of 100-1,000 and 50-1,000 amu for the full MS and MS/MS experiments, respectively. And the MS/MS experiments were run with 200 and 70 ms of accumulation time for the full MS and MS/MS experiments, respectively. The collision energy (CE) was set to 35 and −35 eV, and the collision energy spread (CES) was 15 eV.
HPLC-ESI-MS-MS instruments for determination analysis
Liquid chromatography system (Agilent 1200, USA) equipped with a quaternary solvent delivery system, an autosampler, an automatic degasser and a column compartment was used for determination analysis. Mass spectrometric detection was composed of a 3200 QTRAPTM system from Applied Biosystems/MDS SCIEX (Applied Biosystems, Foster City, CA, USA), a hybrid triple quadrupole linear ion equipped with a Turbo V source and Turbo Ionspray interface. Instrument control and data acquisition were carried out Analyst software (version 1.6.2) from Applied Biosystems/MDS Sciex. Chromatographic separation was performed on a Column Wonda Cract ODS-2C 18 , and then returning to the original 28% B. Gradient elution was carried out after pre-equilibration for 6 min, and flow rate was set to 0.8 mL min −1 . Injection volume was 10 μL. The typical extract ions chromatograms (XIC) of MRM chromatograms of standards and sample obtained were shown in Figure 1 . The operating conditions for the ESI interface were as follows: the ion spray voltage was set to −4.5 kV; the turbo spray temperature was 650°C; nebuliser gas (gas 1) and heater gas (gas 2) were set to 60 and 65 arbitrary units, respectively; the curtain gas was kept at arbitrary units and interface heater was on. Nitrogen was used in all cases. The retention time, characteristic MS/MS fragment ions data, DP and CE for each analyte were listed in Table I . Instrument control, data acquisition and evaluation were performed with Analyst 1.6.2 software (AB SCIEX, Ontario, Canada).
Sample and standard solution preparations
The dry C. communis Linn. powder (60 mesh, 1 g) was accurately weighed and ultrasonicated for 40 min with 25 mL 70% ethanol, continuous ultrasound twice (8, 9, 22) . The extracted solution was adjusted to the original weight by 70% ethanol. And the filtrate was combined and then concentrated to dryness in vacuo at 50°C. The residue was dissolved with methanol into a 5 mL volumetric flask for qualitative and quantitative analysis. The resultant was filtered through a 0.22 μm millipore filter. The injection volume was 10 μL for the analysis of HPLC-ESI-MS-MS, but UHPLC-Q-TOF-MS-MS was 1 μL.
For qualitative analysis of the UHPLC-Q-TOF-MS-MS, all standards were respectively weighted appropriate amount, which were dissolved with 80% methanol to prepare mixture solution.
For quantitative analysis, each standard (orientin, iso-orientin, vitexin, isovitexin, rutin, apigenin, protocatechuate, vanillic acid, caffeic acid, ferulic acid, luteolin, quercetin and isorhamnetin) weighted accurately were dissolved in 80% methanol to prepare stock solutions. , respectively, which was diluted to appropriate concentrations with methanol-water (80:20, v/v) for constructing calibration curves.
All solutions were stored at 4°C for UHPLC-Q-TOF-MS-MS and HPLC-ESI-MS-MS analysis.
Results and Discussion

Analytical methods
In this study, the analysis of chemical compositions in C. communis Linn. was based on a Triple TOF instrument with on-line data acquisition. The detail analytic strategy was as follows (23, 24) : (i) On-line data were acquired by full-scan, and accurate MS/MS data were obtained. (ii) Chemical component database was established according to the investigation of chemical constituents of C. communis Linn. (3-6, 14-16, 18, 19, 25) . (iii) The compounds of small error were filtrated. (iv) Compounds were estimated on the basis of the characteristic fragment ions and retention time. Data acquisition and procession were performed with PeakView 1.2 software. The determination method of 13 components for C. communis Linn. was mainly adjusting the gradient of the mobile phase to separate isomers. Then method validation and determination were getting on. A series of analysis such as the linearity, accuracy, matrix effect, stability, precision, limits of detection (LOD) and quantification (LOQ) were conducted to validate the feasibility of method. 
mode. What is more, 22 compounds were identified by comparing with related reference substances. This study also made research on simultaneous determination of 13 constituents in C. communis Linn. by HPLC-ESI-MS-MS. It is extremely troublesome to distinguish and separate isomers in the process of identification because of identical molecular formulae, small difference in retention time, MS/MS spectra and chemical polarity. Thus, an important parameter Clog P, which was calculated using the program Chemdraw Ultra 12.0, was introduced to distinguish isomers. The compound with the smaller Clog P value commonly has shorter retention time in a reversed phase liquid chromatography system (23, 24) .
The structures of 62 compounds were showed in Figure S1 . The detected compounds were listed in Table II . UHPLC-Q-TOF-MS positive (A) and negative (B) total ion chromatogram of C. communis Linn. were shown in Figure 2 . The MS/MS of detected compounds and reference substances were shown in Figures S2 and S3 , respectively. HPLC-MS-MS total ion chromatogram of C. communis Linn. (A) and mixture reference substance (B) were shown in Figure S4 . ) appeared in the MS/MS spectrum, which were the same as the fragment ions of reference substance. As a consequence, it was ascertain as rutin (25) .
Identification of 62 Compounds by UHPLC-Q-TOF-MS-MS
The protonated molecule of m/z 447.1288 ([M + H] + , compound 14), eluted at 11.90 min, showed a series of distinctive ). The compound 34 was named as adenosine (15, 16) .
Sterols
Sterols compounds were detected in the positive ESI mode, which included stigmast-5-ene-3β, 7α-diol (compound 35) (15, 16) and fridelin (compound 36) (15, 16 ). According to the fragmentation information, the compound 56 was deduced as stigmasterol (14) . Quantitative study for C. communis Linn. samples by HPLC-MS-MS Linearity, limit of detection and limit of quantification Stock solution containing 13 reference compounds were diluted to appropriate concentrations with methanol-water (80:20, v:v) for establishment of calibration curves. A total of seven concentrations of the solution were analyzed, and then the calibration curves were constructed by plotting the peak area (Y) versus the concentration (X, ng mL
) for each analyte. Limit of detection (LOD) and limit of quantification (LOQ) under the present chromatographic conditions were determined at a signal-to-noise ratio (S/N) of~3 and 10, respectively. The results were list in Table III .
Precision
The precision of method was validated by analyzing C. communis Linn. sample, which included intra-and inter-day precision. The intraday precision was performed by repeating six times within 1 day, while the inter-day precision was consecutively performed on three days. The determination of 13 ingredients investigated was performed from corresponding calibration curve. Relative standard deviation (RSD) values of peak area for each of compound were calculated respectively. The results showed that the RSD values of intra-and inter-day precision were <1.04 and 0.92%, respectively. Accuracy Accuracy of the method was received by spiking the mixed standard solutions with three different concentration levels (low, medium and high) to prepare known amount of C. communis Linn. samples, which were dealt with through the above proposed method. Moreover, triplicate samples were conducted for each level. The result showed that the average recoveries of 13 components measured were in range of 98.64-100.8% and RSD values were in range of 0.11-0.78%.
Stability
The stability of the sample was analyzed at 0, 2, 4, 8, 12 and 24 h at room temperature, respectively. The results showed that RSD values of all measured peak area were <0.59%, indicating a good stability.
Matrix effects
The evaluation of matrix effects is a vital issue for the analysis of botanical extracts by HPLC-ESI-MS-MS. Co-eluting compounds originating from matrix can lead to signal enhancement or suppression (28) . The matrix effects of 13 components were quantitatively investigated, which was performed by adding known amounts of the mixed standard solution at three levels (low, medium and high) to half of the extraction samples and recording the analyte peak areas of the spiked sample matrix (A), the other half of the extraction samples (B) and the standard solutions (C) (28, 29) . Moreover, triplicate samples were prepared at each level. Matrix effects were calculated using the following equation: matrix effect (%) = (A-B)/ C × 100%. The matrix effects of 13 components ranged from 93.4 to 103.1% and the values of RSD were in range of 0.34-1.31%, which indicated that the matrix effects had no influence.
Repeatability
The repeatability experiment was performed by preparing for six independent sample solutions of C. communis Linn. in parallel. The RSD values of 13 compounds were not more than 0.97%, which showed a good reproducibility. The results of precision, repeatability, accuracy, stability and matrix effect were showed in Table S1 and Table IV , respectively.
Sample determination
Commelina communis Linn. samples (SD-1, SD-2, SD-3 and SD-4) in Qinhuangdao (China) were determined under the above conditions. Representative chromatograms were shown in Figure 1 . Peak identify was established by comparing retention time of sample with that of reference compounds. The calibration curves were applied for the quantitative analysis of 13 compounds. The results of 13 analytes in C. communis Linn. samples were summarized in Table V . The results showed that the content of orientin, iso-orientin, vitexin, isovitexin, rutin in SD-3 and SD-4 were higher than that of in SD-1 and SD-2, which indicated that the content of 13 analytes were different according to the different dried methods and source. Experiments compared with 50% methanol, 70% methanol, 95% methanol, 100% methanol, 50% ethanol, 70% ethanol, 95% ethanol and 100% ethanol as extraction solvent for C. communis Linn. sample, which showed that the extraction efficiency of 70% ethanol was highest. Afterwards comparing ultrasonic extraction and reflux extraction, the extraction efficiency was similar in two ways. Ultrasonic extraction was chose in this study, because ultrasonic was relatively quick and easy. It also examined ultrasonic frequency (once, twice and three times) and ultrasonic time (30, 40, 60 and 90 min). The results showed that continuous ultrasonic twice, 40 min every time, respectively, had highest extraction efficiency.
Methanol-water and acetonitrile-water were chose as mobile phase for gradient eluting during the qualitative and quantitative analysis. The results showed that more compounds were observed using acetonitrile as eluent by UHPLC-Q-TOF-MS-MS. However, elutive power of two different mobile phases was similar for the quantitative analysis by HPLC-MS-MS. Because methanol was cheaper and smaller toxicity than acetonitrile, it was applied for determination of sample. Therefore, acetonitrile-water and methanol-water were served as eluent of qualitative and quantitative analysis, respectively. To improve peak shape, different concentrations of formic acid (0.05, 0.1, 0.2 and 0.3%) in water for qualitative and quantitative analysis study were compared, which showed that peak shape of 0.1% formic acid was best. Moreover, different concentrations of ammonium formate (1, 2 and 3 mmol L ) were compared. So acetonitrile-water (0.1% formic acid) was used for qualitative study, and methanol-water (0.1% formic acid, 2 mmol L −1 ammonium acetate) was the mobile phase for quantitative analysis.
Conclusion
In the present study, a powerful analytical strategy dependent on-line data acquisition combining with multiple post acquisition data processing was employed for fast screening and identification the chemical Furthermore, the application of this approach provided essential data for further studies of C. communis Linn.
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